Methods
Twenty-four patients with a definite diagnosis of PD (idiopathic paralysis agitans) were recruited for the study examination. All patients showed typical symptoms of the disease ( Table 1 ). The adjustment of medication had been completed in all cases and was thus not further modified during the study (Table2). No patient received anticholinergic drugs. The subjects were fully informed about the purposes of the investigation and were continually under clinical supervision. They received low-fiber 
Pellets counted include total and segmental (ascending-/transversal/descending-colon/sigma andrectum). Rating is on the Webster scale [20] . Further autonomic disturbances were e'/aluated by Ewing ratio, Schellong's test, heart rate response to Valsalva maneuver, heart rate interval variation during deep breathing, and blood pressure response to sustained handgrip. + =pathological results on more than two tests; (+)=patho-logical results on fewer than three tests; -=no pathological test results [9] ). T h e pellets w e r e c o u n t e d o n the g e n e r a l a b d o m i n a l X r a y (Fig. 1 ) b y t w o e x a m i n e r s . W i t h n o r m a l t r a n s i t t i m e fewer t h a n 30 pellets are f o u n d in the c o l o n on the 7th d a y [2, 9, 14] . S i m u l t a n e o u s to o u r s t u d y , we e x a m i n e d 20 sex-a n d a g e -m a t c h e d c o n t r o l s w i t h the s a m e m e t ho d (Table 3) .
Results
T h r e e f e m a l e p a t i e n t s a n d one m a l e h a d to be exc l u d e d f r o m the e x a m i n a t i o n . O n e f e m a l e p a t i e n t r e f u s e d f u r t h e r p a r t i c i p a t i o n o n the 3rd d a y ; an- other female patient was incapable of swallowing the capsule in one piece. Laxatives had to be administered to the third female patient because of problems arising from her constipation. This patient had been chronically abusing laxatives for years, with various drugs and preparations. For diagnostic reasons an esophageal contrast investigation was carried out on the male patient who had been excluded from the examination, which rendered unnecessary the general abdominal X ray. Thus, 8 women and 12 men with an average age of 67.9 years could be examined. In 16 cases, i.e., 80%, a distinctly prolonged transit time was found (Table 1) . In these cases, 46 to 60 pellets were seen in the colon on the X-ray films. These markers were distributed almost regularly throughout the colon. In particular, there was no accumulation of markers in the rectum, which leads to a large number of pellets but normal transit. There were no pellets visible in the stomach or small intestine. Consequently, when 60 pellets were present, all markers of the first administration were still in the colon after 144 h. With 46 pellets the transit time through the gastrointestinal tract was about 4.5 days.
A correlation to sex and age was not found (Mann-Whitney U Test). Likewise, we did not observe any relationship between transit time and physical activity; passage was also prolonged in patients with heavy physical activity and well-developed abdominal muscles. In two of the four patients with normal transit time a relatively distinct immobilization existed due to PD. Moreover, no dependency on the severity of the various symptoms of PD or on medication could be shown.
During the week-long observation the Websterscale rating (Webster 1968 ) changed by only 1 point in each of two cases.
In one female patient the examination had to be stopped due to complaints caused by constipation but in the other cases the constipation remained relatively asymptomatic. In our sex-and age-matched controls transit was normal in all but two cases. In two further cases the passage was prolonged up to the normal limit. The mean value in the PD patients was 48.2 pellets. In the controls an average of 22.9 pellets could be counted. The difference in transit between PD patients and controls (Fig. 2 ) was significant (alpha 0.01 ; Wilcoxon test).
Discussion
Constipation is a frequent symptom in PD. According to the examination we carried out, this is a result of a clearly prolonged transit time for the entire colon. Since all the pellets were found in the colon, the passage through the upper gastrointestinal tract as far as the cecum is less than 24 h. Reduced emptying of only the rectum [12, 15, 16, 18] was seen in only one patient. Lack of physical activity as the main cause is improbable. Likewise, medications (especially anticholinergics, which in the literature are always blamed for constipation) are not to be assumed as the only cause, both because of the varying medication and because no patient received any anticholinergic drugs (Table 2).
In four cases with Parkinsonian medication transit time was normal. Furthermore, constipation was described in PD before any medication was known [18] . This is in accordance with the results of Aminoff and Wilcox [1] . In any event, studies without any medication are ethically not justifiable. The age of the patients as a cause of the prolonged transit definitely plays a secondary role [7] . In our study the age-matched controls showed normal transit in most cases. Reduced tension of the abdominal muscles and diaphragm could be an additional factor.
Examinations by Mathers et al. [15, 16] showed paradoxical contractions of the anal sphincter upon defecation in PD patients, which they saw as a cause of their constipation. The same group and others have been able to demonstrate motility defects in the esophagus also [6, 8, 10] .
From the literature and our results we conclude that there is a motility defect over the entire gastrointestinal tract in PD patients. In our study passage is clearly prolonged at least in all segments of the colon; a so-called "outlet obstruction" due to anism as the only cause of constipation can certainly be excluded.
However, the delayed intestinal emptying most likely indicates an autonomic regulation defect in the sense of a neuronal degeneration. Supportive of this contention is the detection of so-called Lewy bodies [13] , not only in the central nervous system (e.g., the substantia nigra and the brainstem) of PD patients, but also in the autonomic nervous system (the dorsal vagal nucleus and especially the myenteric plexus) [4, 5, 12, 17, 19] . Examinations of colonic transit time in patients with complete spinal cord transection above T9, transection between T9 and L2, and where transection involved $2-$4 showed no significant differences from a bedridden control group [3] . Researchers failed to find a distinction between the influences of sympathetic and parasympathetic spinal centers, which also indicates a defect of the myenteric plexus.
